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Stromal-derived factor (SDF-1) is the principal ligand for CXCR4, a coreceptor with CD4
for T lymphocyte cell line–tropic human immunodeficiency virus–type 1 (HIV-1). A common
polymorphism, SDF1-39A, was identified in an evolutionarily conserved segment of the 39
untranslated region of the SDF-1 structural gene transcript. In the homozygous state,
SDF1-39A/39A delays the onset of acquired immunodeficiency syndrome (AIDS), accord-
ing to a genetic association analysis of 2857 patients enrolled in five AIDS cohort studies.
The recessive protective effect of SDF1-39A was increasingly pronounced in individuals
infected with HIV-1 for longer periods, was twice as strong as the dominant genetic
restriction of AIDS conferred by CCR5 and CCR2 chemokine receptor variants in these
populations, and was complementary with these mutations in delaying the onset of AIDS.

HIV-1 strains isolated from recently infect-
ed individuals are predominantly macro-
phage-tropic (M-tropic) and non–syncyti-
um-inducing, and they co-opt CC-chemo-

kine receptor proteins as entry ports in com-
bination with CD4 molecules (1, 2). Over
the course of HIV-1 infection, viral pheno-
type and coreceptor use broaden to include
the appearance of T lymphocyte cell line–
tropic (T-tropic) variants near the time
when AIDS symptoms are first observed (1,
3, 4). T-tropic strains induce the formation
of syncytia in CD41 cell lines in vitro, infect
peripheral blood mononuclear cells
(PBMCs) faster, and replicate more aggres-
sively than do the early M-tropic isolates (1,
4). The occurrence of T-tropic isolates usu-
ally precedes a precipitous drop in CD4 T
cells, which suggests that these viruses may
contribute to T cell depletion. T-tropic
HIV-1 enters target cells by means of CD4
and CXCR4 as a coreceptor complex, al-
though T-tropic strains can also use CCR5
(4). Stromal-derived factor (SDF-1, also
called pre–B cell growth stimulating factor),
a powerful chemoattractant cytokine, is the
natural ligand for CXCR4. Recent experi-
ments have shown that SDF-1a (one of two
transcriptional splice variants of the SDF1
gene) is capable of down-regulating CXCR4
on cells by induction of endocytosis, effec-
tively blocking infection by T-tropic but not
M-tropic HIV-1 strains (5, 6).

The use of available CXCR4 coreceptors
by viral strains that emerge during late stage
HIV-1 infection, together with the demon-
stration that SDF-1 effectively inhibits
HIV-1 replication, prompted a polymor-
phism search for SDF-1 structural gene vari-

ants that might influence HIV-1 transmis-
sion or pathogenesis. We screened 1354 of
the 3526 base pairs (bp) represented in hu-
man SDF-1b transcripts with a series of poly-
merase chain reaction (PCR) primers and
single-strand conformation polymorphism
(SSCP) heteroduplex assays (7) in a sub-
group of 144 patients enrolled in five epide-
miologic cohorts assembled to monitor
HIV-1 infection and AIDS (8–11). Se-
quence analysis of a common variant re-
vealed a G 3 A transition at position 801
(counting from the ATG start codon) in the
39 untranslated region (39UTR) of the refer-
ence sequence (GenBank accession number
L36033). The polymorphism (designated
SDF1-39UTR-801G-A and abbreviated
SDF1-39A below) is represented in the SDF-
1b transcript but not in the SDF-1a tran-
script. Because this variant eliminated an
Msp I restriction site, a PCR–restriction frag-
ment length polymorphism (RFLP) assay
was used for rapid detection of genotypes (7).
The allele and genotype frequencies of
SDF1-39A were determined in 2857 individ-
uals from five AIDS cohorts (8–11). The
following SDF1-39A allele frequencies were
found: Caucasians, 0.211 (n 5 1835); His-
panics, 0.160 (n 5 131); African Americans,
0.057 (n 5 859); and Asians, 0.257 (n 5 37)
(12).

A role for SDF1-39A in HIV-1 infection
was investigated by genotyping 2419 HIV-
1–infected patients and 435 HIV-1–ex-
posed uninfected individuals. No signifi-
cant differences in SDF1 allele or genotype
frequencies were observed in initial com-
parisons of exposed (or at risk) uninfected
versus infected individuals in separate or
combined cohort analyses [Fisher’s exact
test (FET), P 5 0.16 to 1.0] (12). However,
a group of 79 high-risk exposed uninfected
individuals from MACS (those with ex-
tremely high-risk sexual practices) (10, 13)
showed a highly significant elevation in
SDF1-1/39A heterozygotes [50.6% among
high-risk uninfected individuals compared
to 31.1% among infected patients; FET,
P 5 0.002], suggesting a protective effect
against HIV-1 infection for this genotype.

The influence of SDF1 genotypes (1/1,
1/39A, and 39A/39A) on disease progression
among HIV-1–infected individuals was ana-
lyzed by means of Cox proportional hazards
models (14) (Fig. 1 and Table 1). A sub-
group of 639 seroconverters from four co-
horts was included in the analysis (8–11).
These participants had well-characterized
dates of seroconversion, with a first positive
HIV test no more than 3 years after the last
negative test, or, in the case of some SFCC
participants, before the end of 1980 (8, 9,
15). Three AIDS endpoints reflecting ad-
vancing morbidity were evaluated: (i) AIDS-
1993, as defined by the U.S. Centers for
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Disease Control (16) (that is, HIV-1 infec-
tion plus AIDS-defining illness or decline of
CD4 T lymphocytes to ,200 cells/mm3) or
death; (ii) the more stringent AIDS-1987
definition (16) (HIV-1 infection plus AIDS-
defining illness) or death; and (iii) death
during follow-up for an HIV-1–infected pa-
tient (97% of these had AIDS-1993).

For the combined and separate cohort
analyses, the SDF1-1/1 and SDF1-1/39A
individuals were indistinguishable in the pat-
tern of progression to the three AIDS end-
points (Fig. 1). However, there was a marked
slowing in progression to AIDS for individ-
uals with the SDF1-39A/39A genotype [that
is, relative hazards (RH) , 0.65; Table 1].
The delay was statistically significant with
MACS and combined cohorts for AIDS-
1987 and death, and with SFCC for death,
for Caucasians or all ethnic groups (12, 13,
17). The extent of observed protection from
AIDS progression associated with the SDF1-
39A/39A genotype follows a gradation in
combined and SFCC cohorts across increas-
ingly severe AIDS endpoints (Fig. 1 and
Table 1). The RH value for the combined
Caucasian cohort sample was 0.65 for AIDS-
1993, 0.36 for AIDS-1987, and 0.24 for
death (lower values indicate increased pro-
tection; Table 1). The tendency to display
increased protection in later stages of HIV-1
infection was also seen in MACS (RH 5
0.59 . 0.22 . 0.1, respectively) and SFCC
(RH 5 0.83 . 0.30 . 0.00) cohorts (12).
This gradation was extended when time to
CD4 ,200 cells/mm3 (alone without AIDS
disease or death) was used as an endpoint
(Caucasians: RH 5 0.67, P 5 0.18; all races:
RH 5 0.63, P 5 0.13) (18). The gradation
suggests that SDF1-39A/39A protection is
more pronounced in later stages of HIV-1
infection and is possibly related to interfer-
ence with the appearance of T cell–tropic
HIV-1 strains.

The protective effects of SDF1-39A/39A
homozygotes were also apparent in defined
disease category analyses, which allow the
inclusion of seroprevalent patients (those
whose seroconversion date is unknown be-
cause they were HIV-1 antibody–positive at
the time of enrollment) in the slow/nonpro-
gressor category (9). A significant elevation
in the frequency of SDF1-39A/39A was ob-
served among slow/nonprogressors within
the combined cohorts for every AIDS out-
come (Fig. 2A). The relative risk for AIDS
avoidance, estimated by a case/control odds
ratio, ranged from 2.4 to 4.1 for the three
AIDS endpoints. The results of both the
survival (Fig. 1 and Table 1) and disease
category analyses (Fig. 2A) reveal a strong
recessive SDF1-39A association with de-
layed clinical outcomes of HIV-1 infection.

Variant alleles within the coding regions
of the chemokine receptors CCR5 and

CCR2, which are coreceptors for M-tropic
HIV, have been shown to delay the rate of
progression to AIDS (8, 9, 19, 20). The
mutant alleles CCR5-D32 and CCR2-64I
are dominant, genetically independent, and
equally protective (8, 9, 21). An estimated
25 to 30% of long-term survivors who re-
main AIDS-free for .16 years can be at-
tributed to a protective genotype for either
CCR5-D32 or CCR2-64I (9). A survival
analysis of the relative contributions of
CCR5-D32, CCR2-64I, and SDF1-39A ge-
notypes (Fig. 1 and Table 1) reaffirms the
protective effects of CCR2, CCR5, and
SDF1 variant genotypes on progression to
AIDS when the influence of the other pro-

tective loci are considered as covariables
(14, 21). For AIDS-1987 and death end-
points, the extent of SDF1-39A/39A protec-
tion in combined cohorts (Caucasian and
all ethnic groups) is approximately twice
that seen with CCR2 or CCR5 protection
(that is, RH for SDF1 versus CCR from
Table 1 equals 0.37:0.64 for AIDS-1987
and 0.24:0.56 for death; P 5 0.03) (22). In
addition, CCR and SDF1 protection are
additive in AIDS cohorts, because patients
with both SDF1 and CCR protective geno-
types avoid AIDS outcomes longer than do
patients with only single-gene protection
(P 5 0.05 for AIDS-1993, P , 0.01 for
AIDS-1987 and for death; Cox model log
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Fig. 1. Kaplan-Meier survival curves of seroconverters, showing relation of SDF1-39A/39A recessive
protection to AIDS endpoints (15). Left panels: SDF1-39A/39A genotype survival (red) is compared with
survival of SDF1-1/39A (yellow) and SDF1-1/1 (blue) genotypes. Caucasians in the combined (ALIVE,
MACS, MHCS, and SFCC) cohorts (8–11) [n 5 number of patients, RH 5 relative hazard, P 5 log
likelihood P value based on the Cox proportional hazards model (14) for SDF1-39A/39A and 1/39A
survival compared to SDF1-1/1 survival]. The value of n for AIDS-1993 is smaller than for AIDS-1987
or death because several subjects had CD4 T lymphocyte counts below 200 before HIV infection; for
these subjects AIDS-1993 was impossible to define. Right panels: Survival curves for protective geno-
types for SDF1, CCR2, and CCR5 versus 1/1 at the three loci. The protective genotypes are SDF1-
39A/39A, CCR2-1/64I or 64I/64I, and CCR5-1/D32 and D32/D32. The four curves represent the
following genotypes: 1/1 at SDF1, CCR2, and CCR5 (blue); one or more CCR2/CCR5 protective
genotypes and SDF1-1/1 (green); SDF1-39A/39A and 1/1 at CCR2/CCR5 (orange); and SDF1-39A/
39A and protection by one or more CCR2/CCR5 protective genotypes (pink). 3 indicates single events;
F indicates patient censoring. Summary statistics for the combined cohort analyses are shown in Table
1 (12). Log-log survival time versus log time plots were examined for proportionality with the combined
cohort analysis. The plots were parallel and did not intersect, as assumed in the Cox proportional
hazards model (14).
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likelihood test) (14, 23). For example, only
1 of the 10 seroconverter patients who were
genotypically SDF1-39A/39A and either
CCR2- or CCR5-protected has progressed
to AIDS-defining conditions (AIDS-1987),
while 5 of 13 SDF1-39A/39A, CCR2-1/1;
CCR5-1/1 patients did. However, 11 of 23
dual-protected seroprevalent patients ulti-
mately succumbed to AIDS, although their
time interval to AIDS was unknown.

The cumulative effects of the SDF1-39A/
39A protective genotype, separately or in
combination with CCR protective geno-
types, were assessed over six intervals after
HIV-1 seroconversion (Fig. 2B). The results
reveal a significant increase of SDF1-39A/
39A genotypes among patients who avoid
AIDS for longer periods (P 5 0.02). There
was a complete absence of a dual CCR/SDF1
composite variant genotype among patients
who developed AIDS-1987 or died within
the first 10 years after HIV-1 infection, and

only a single individual with SDF1 plus CCR
protective genotypes developed AIDS-1993
during this interval. Combined with the sur-
vival analyses, these data emphasize the pro-
tective effect of the SDF1-39A/39A genotype
and suggest that its effect is more than addi-
tive with the protection provided by CCR2
and CCR5 variant alleles (23).

The SDF1-39A variant is located in a
segment of the 39UTR of the SDF-1b tran-
script (6) that is highly conserved in se-
quence (69% sequence between human and
mouse SDF-1b 39UTR sequence with no
gaps). This extent of conservation within
the segment suggests that it may serve as a
target for cis-acting factors influencing tran-
script abundance, synthesis, transport, stabil-
ity, or splice product abundance (24). The
simplest hypothesis for SDF1-39A/39A ac-
tion involves up-regulation of the quantity of
SDF-1 protein available to bind CXCR4 and
stem the appearance of late stage T-tropic

HIV-1 strains in infected patients (25). This
mechanism would be consistent with the
gradation in survival outcome whereby
SDF1 protection is more pronounced in late
stage AIDS outcomes than for earlier stages
(Fig. 1).

The frequency of SDF1-39A homozygous
recessive individuals is low (,5%) in the
study populations, but the effect is quite
strong. Although SDF1 protection is more
apparent in later stages of HIV-1 infection,
the principal effect may actually involve a
strong protection against rapid progression to
AIDS (Fig. 2B). The extent of observed
SDF1-39A/39A protection is twice as strong
overall as the influence of either CCR5-D32
or CCR2-64I. This extent of protection me-
diated by a potential regulatory region of
SDF1, effective in a test population and
without obvious clinical cost, offers an at-
tractive opportunity for therapeutics that
could mimic the action of the variation.

Fig. 2. (A) Defined disease category analysis of SDF1-
39A/39A genotype frequencies for each cohort and
combined cohorts for the three endpoints: AIDS-
1993, AIDS-1987, and death (see text). Seroconvert-
ers who progressed to the designated outcomes be-
fore the cutoff time (defined below) were compared to
seroconverters plus seroprevalents who survived out-
come-free for at least that length of time. Imputed
seroconversion dates for the seroprevalent subgroup
for MHCS, HGDS, and ALIVE were provided by the
cohort investigators (10, 11). For MACS, date of en-
rollment was used as the starting date. Cutoffs (in
years) were chosen as the time when approximately
half of all seroconverters had progressed to the out-
comes. The following times for the outcomes and
cutoffs were used. For AIDS-1993: MACS, 6 years;
MHCS, 9 years; SFCC, 12.5 years; and combined
cohorts, 8 years. For AIDS-1987: MACS, 7.5 years;
MHCS, 11.5 years; SFCC, 14.5 years; and com-
bined, 10 years. For death: MACS, 8 years; MHCS,
11.5 years; SFCC, 14 years; and combined, 12 years
(9). The number of individuals in each disease cate-
gory is at the top of the bars. *P , 0.05, **P , 0.01
(FET for the null hypothesis of no SDF1-39A/39A pro-
tection compared with SDF1-1/1 plus SDF1-1/
39A). Bars are for Caucasians; triangles indicate
SDF1-39A/39A frequencies for all ethnic groups. The
relative risk of rapid progression for unprotected
(SDF1-1/1 or SDF1-1/39A) patients (relative to
SDF1-39A/39A patients) was estimated for Cauca-
sians in the combined cohorts by calculating the
case/control odds ratios with slow progressors as
controls; that is, the risk for each category is the ratio
of the percentage of rapid progressors to the percent-
age of slow progressors. Estimate relative risks (with
95% confidence intervals and FET P values in parentheses) were as follows:
for AIDS-1993, 2.4 (1.0 to 7.2, P 5 0.02); for AIDS-1987, 3.4 (1.2 to 13.4, P
5 0.007); for death, 4.1 (1.2 to 21.5, P 5 0.007). (B) Frequencies of the
protective SDF1-39A/39A genotype alone (black bars) or in combination with
at least one CCR2/CCR5 protective genotype (CCR5-1/D32, CCR2-1/64I,
or CCR2-64I/64I; shaded bars) in six intervals of increasing survivorship from
midpoint (seroconverters) or imputed (seroprevalents) seroconversion dates
in Caucasians. Genotypic frequencies were determined separately for time to
AIDS-1993, to AIDS-1987, and to death (see text) using seroconverters
progressing to the outcomes in less than 3.5 years, 3.5 to ,7 years, and 7 to

,10 years, and including seroconverters and seroprevalents progressing to
the outcomes in 10 to ,13 years, 13 to ,16 years, and $16 years. The
number of individuals observed in each category is shown above the bars.
The average frequency of the protective genotype for Caucasians is shown
as an arrow. There is a statistically significant trend (Mantel-Haenzel x2)
toward enrichment of SDF1-39A/39A genotypes at increasing survival inter-
vals for AIDS-1993 (P 5 0.04) and AIDS-1987 (P 5 0.01), and toward
enrichment of composite SDF1-39A/39A plus CCR5 genotypes at increasing
survival intervals for AIDS-1993 (P 5 0.005), AIDS-1987 (P 5 0.01), and
death (P 5 0.05).
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among six SDF1-39A/39A homozygous seroconvert-
ers, making estimates of relative hazard imprecise.
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pearance of SDF1-39A/39A protection in late stages
of HIV-1 infection involves our finding a statistically
significant difference in the frequency of homozy-
gotes (FET, P # 0.01) in seroconverter (F 5 3.5%; n
5 669) versus seroprevalent (F 5 6.2%; n 5 743)
cohort members. The enrichment of homozygotes in
seroprevalent individuals is consistent with late-
stage protection for two reasons: (i) The seropreva-
lent group was seropositive at enrollment and there-
fore included more patients with longer undefined
intervals since infection; and (ii) studies may be bi-
ased to include more long-term survivors than rapid
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(1997)]. MACS specifically excluded enrollment of
individuals with AIDS-defining conditions, whereas
SFCC selected for long-term survivors (10, 11).
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Nature Med. 2, 412 (1996); M. Samson, Nature 382,
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20. R. Biti et al., Nature Med. 3, 252 (1997); T. R. O’Brien
et al., Lancet 349, 1219 (1997); I. Theodorou et al.,
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1160 (1997); M. W. Smith et al., ibid., p. 1052; O. J.
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pers contain caveats about CCR2 and CCR5 genetic
protection.

21. Protective genotypes include CCR2-64I protection
(CCR5-1/1, CCR2-1/64I or 64I/64I, and SDF1-1/
1), CCR5-D32 protection (CCR5-1/D32, CCR2-1/
1, and SDF1-1/1), and SDF1-39A protection
(SDF1-39A/39A). Protective genotypes at either
CCR5 or CCR2 are referred to as “CCR protection.”

22. The null hypothesis of equality of SDF1 and CCR2/
CCR5 protection was tested in a Cox model analysis
by comparing a model with a single variable for SDF1
or CCR2/CCR5 protection, corresponding to equal-
ity of CCR2/CCR5 and SDF1 protection, with a mod-
el containing an additional variable for differential
SDF1 protection. For Caucasians in combined co-
horts, relative hazards of ,1 were shown for the
differential SDF1 protection variable for AIDS-1987
and death, indicating stronger protection by SDF1
than by CCR2 or CCR5, with P 5 0.04 (AIDS-1987)

Table 1. Survival analysis of protection from progression to AIDS outcomes by SDF1-39A/39A variant,
CCR5, or CCR2 protective polymorphisms. Analysis 1: Survival analysis for progression to three AIDS
endpoints among HIV-1–infected seroconverters for SDF1-39A/39A versus SDF1-1/1 or SDF-1/39A
genotypes, as in Fig. 1. Seroconverters in combined cohorts including only Caucasians and for all ethnic
groups were analyzed using the Cox proportional hazards model (13, 14). A log likelihood test (1 df ) (LL),
P value, relative hazard (RH), and 95% confidence interval (CI) were calculated for each variable in the
analysis of AIDS outcomes (14). Times to AIDS-1993, AIDS-1987, and death (see text) were calculated
from the midpoint of the last HIV-1–negative test date and the first HIV-1–positive test date. The value
of n for AIDS-1993 is smaller than for AIDS-1987 or death because several subjects had CD4 T
lymphocyte counts below 200 before HIV infection; for these subjects AIDS-1993 was impossible to
define. Seroconverters with an interval greater than 3 years between last negative and first positive were
excluded from the analysis. Analyses were adjusted for age, where age is a categorical variable with
three categories: ,30, 30 to 40, or .40 years old. Analysis 2: SDF1-39A/39A versus SDF1-1/1 or
SDF1-1/39A controlling for the protective genotypes of CCR2 and CCR5 (21). Analysis 3: CCR2-64I/64I
or CCR2-1/64I or CCR5-1/D32 versus CCR5-1/1 and CCR2-1/1 (normal at two loci) controlling for
the protective genotype of SDF1. The LL P values use a Bonferroni correction for multiple independent
tests performed in each of the three analyses. An LL calculation for x2 was performed because of the
small numbers of patients and few failures in SDF1-39A/39A individuals (14). [1/1] for SDF1 includes
SDF1-1/1 and SDF1-1/39A.

AIDS
outcome

Caucasians All races

n Events RH 95% CI LL-P n Events RH 95% CI P

Analysis 1: SDF1-39A/39A versus SDF1-1/39A and SDF1-1/1 genotypes
AIDS-1993 636 410 0.65 0.39–1.1 0.10 844 514 0.61 0.37–1.0 0.06
AIDS-1987 639 315 0.36 0.18–0.71 0.003* 857 387 0.34 0.18–0.67 0.002*
Death 639 243 0.24 0.10–0.57 0.001* 857 294 0.23 0.10–0.55 0.001**

Analysis 2: SDF1-39A/39A versus [1/1] for SDF1, CCR2, and CCR5
AIDS-1993 603 391 0.67 0.40–1.14 0.14 800 491 0.63 0.38–1.06 0.08
AIDS-1987 606 303 0.37 0.18–0.72 0.004* 806 371 0.35 0.18–0.68 0.002*
Death 606 234 0.24 0.10–0.58 0.002* 806 282 0.23 0.10–0.55 0.001**

Analysis 3: CCR2/5 protection versus [1/1] for SDF1, CCR2, and CCR5
AIDS-1993 603 391 0.63 0.51–0.77 0.00001**** 800 491 0.65 0.54–0.78 0.000007****
AIDS-1987 606 303 0.64 0.50–0.81 0.0002** 806 371 0.66 0.53–0.83 0.0002**
Death 606 234 0.56 0.42–0.73 0.00003*** 806 282 0.60 0.47–0.77 0.00007***

*P # 0.05, **P # 0.01, ***P # 0.001, ****P # 0.0001. Calculated with the Bonferroni correction for multiple tests (six
tests).
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an interaction variable. The relative hazards of the
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1987), and 0.0 (death), with the P values falling short
of significance (P 5 0.13 to 0.31). These results indi-
cate that the nonadditivity in the interaction between
SDF1 and CCR protective genotypes is not signifi-

cant, but that the interaction tends toward being
stronger than additive—that is, synergistic.

24. J. Ross, Trends Genet. 12, 171 (1996); K. C. Tsai, V. V.
Cansino, D. T. Kohn, R. L. Neve, N. I. Perrone-Bizzoz-
ero, J. Neurosci. 17, 1950 (1997); K. M. Mcgowan, S.
Police, J. B. Winslow, P. H. Pekala, J. Biol. Chem. 272,
1331 (1997); G. Shaw and R. Kamen, Cell 46, 659
(1986); D. Kube et al., Cytokine 7, 107 (1995).

25. The SDF1 gene contains four exons over a 5.6-kb
region of chromosome 10q11.1 (6). Two alternatively
spliced transcripts that specify SDF-1a and SDF-1b
are made from the gene; the isomers differ by the
addition of four COOH-terminal amino acids from the
fourth exon in SDF-1b (6). The two transcripts have
completely different 39UTRs, and the SDF1-39A mu-
tation is found in the SDF-1b transcript within a se-
quence block that is conserved between mouse and
human SDF-1b UTR sequences. The possibility of
linkage disequilibrium tracking of the SDF1-39A mu-
tation through linkage disequilibrium was investigat-
ed first by sequence determination of the four SDF1
coding exons in eight SDF1 39A/39A homozygotes.

No additional polymorphisms were detected. Fur-
ther sequence analysis of two SDF1-1/1 homozy-
gotes and two SDF1-39A/39A homozygotes for 3253
nucleotides (out of 3524 in the entire transcript) iden-
tified two variants (positions 1912 and 2950) in single
SDF1-1/1 individuals and revealed no additional
mutations tracking with SDF1-39A.
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An avian H5N1 influenza A virus (A/Hong Kong/156/97) was isolated from a tracheal
aspirate obtained from a 3-year-old child in Hong Kong with a fatal illness consistent with
influenza. Serologic analysis indicated the presence of an H5 hemagglutinin. All eight
RNA segments were derived from an avian influenza A virus. The hemagglutinin con-
tained multiple basic amino acids adjacent to the cleavage site, a feature characteristic
of highly pathogenic avian influenza A viruses. The virus caused 87.5 to 100 percent
mortality in experimentally inoculated White Plymouth Rock and White Leghorn chick-
ens. These results may have implications for global influenza surveillance and planning
for pandemic influenza.

The introduction and subsequent spread
in the human population of influenza A
viruses with a novel hemagglutinin (HA)
or a novel HA and neuraminidase (NA)
subtype results from a sudden and major
change in virus antigenicity, which is re-
ferred to as an antigenic shift. Lack of
protective immunity in the human popu-
lation against the new HA and NA pro-
teins can result in rapid global spread of
the virus, leading to widespread morbidity
and mortality. Pandemic strains contain

new HA or NA genes derived from animal
influenza A viruses. Influenza A viruses of
15 recognized HA subtypes and 9 NA
subtypes are known to circulate in birds
and other animals, creating a reservoir of
influenza A virus genes available for ge-
netic reassortment with circulating human
strains of influenza virus. However, on the
basis of seroarchaeology and virus isola-
tion since 1933, only viruses of the H1,
H2, and H3 subtypes are known to infect
and cause disease in humans (1).

In general, avian influenza A viruses,
including those that are highly pathogenic
in birds, do not appear to replicate efficient-
ly or cause disease in humans. The only
reported natural infections of humans by
avian viruses are two cases of conjunctivitis
associated with avian H7 viruses, one of
which was an infection with a seal virus of
avian origin (2). Serosurveys of farm work-

ers in southern China by single radial he-
molysis revealed a seroprevalence ranging
from 1 to 38% for avian viruses of the H4
through H13 subtypes, including 7% sero-
prevalence for H5 viruses (3). In contrast,
there were no documented infections in
U.S. poultry workers exposed to strains of
avian (H5) influenza A viruses that were
highly pathogenic in poultry (4).

On 9 May 1997, a previously healthy
3-year-old boy, who was a resident of Hong
Kong, developed a sore throat, dry cough,
and fever. He was diagnosed with pharyn-
gitis and prescribed antibiotics and aspirin.
The child continued to be symptomatic and
febrile and was hospitalized on 15 May.
Upon admission, he was noted to be febrile
(axillary temperature above 39°C) and irri-
table. His laboratory tests were most re-
markable for leukopenia (2000 white blood
cells per cubic millimeter). His chest x-ray
was within normal limits. The next day, he
was transferred to another hospital, where
he developed progressive respiratory distress
associated with hypoxemia, consistent with
acute respiratory distress syndrome. He also
became increasingly unresponsive. Com-
puterized tomography of the head was un-
remarkable, and examination of his cere-
brospinal fluid was not suggestive of an
inflammatory process. Despite mechanical
ventilation and broad antibiotic coverage,
the child died on 21 May with several com-
plications, including respiratory failure, re-
nal failure, and disseminated intravascular
coagulopathy. Postmortem liver and kidney
biopsies showed evidence of microvascular
fatty infiltration consistent with Reye’s syn-
drome, which is a recognized complication
of influenza.

A tracheal aspirate specimen was ob-
tained on day 10 of illness and was cul-
tured for respiratory viruses. A cytopathic
effect was noted in mammalian Madin
Darby canine kidney (MDCK) cells and
rhesus monkey kidney (LLC-MK2) cells 2
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